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Preface
7ZHQW\¿YH\HDUVDJRWRWKLVGDWHAtmósfera MRLQHGWKHDOUHDG\HVWDEOLVKHGMRXUQDOVLQWKH¿HOG
RIWKHDWPRVSKHULFVFLHQFHVDQGSURYLGHGDQHZYHQXHIRUWKHGLVVHPLQDWLRQRIUHVXOWVRIUHVHDUFK
LQWKDWDUHD
$VSDUWRIWKHFHOHEUDWLRQRIWKHWKDQQLYHUVDU\RIAtmósferaWKH(GLWRULDO%RDUGGHFLGHGWR
KRVWDWKHPDWLFLVVXHVROLFLWLQJFRQWULEXWLRQVRQWKHJHRJUDSKLFDOUHJLRQWKDWLQFOXGHVWKH&DULEEHDQ
&HQWUDO$PHULFD0H[LFRDQGWKHHDVWHUQ3DFL¿FDQGWKDWLVVRPHWLPHVUHIHUUHGWRDV,QWUD$PHULFDV
6HD6SHFL¿FWRSLFVWKDWDUHUHOHYDQWIRUWKLVUHJLRQVXFKDVFOLPDWHYDULDELOLW\RISUHFLSLWDWLRQ
FRQYHFWLRQDQGWURSLFDOF\FORQHVZHUHWDUJHWHG)XUWKHUPRUHZHDVNHGWKUHHFROOHDJXHVWRMRLQ
XVDV*XHVW(GLWRUV'UV7HUH]D&DYD]RV+HQU\'LD]DQG9tFWRU0DJDxDZKRJODGO\DFFHSWHG
WREHSDUWRIWKLVSURMHFW
7KHUHVXOWLQJWKHPDWLFLVVXHLQFOXGHV¿YHSDSHUVWKDWFRYHUGLIIHUHQWDVSHFWVRIFRQYHFWLRQDQG
WURSLFDOF\FORQHVRQWKHHDVWHUQ7URSLFDO3DFL¿FEDVLQ7KHWRSLFVUDQJHIURPWKHYDULDELOLW\RIWKH
LQLWLDOFRQYHFWLRQLQWKHEDVLQ3R]Ret al.WRWKHLQWHUDQQXDOYDULDELOLW\RIWURSLFDOF\FORQHFRXQWV
LQUHODWLRQWR(O1LxRDQGWKH3DFL¿FGHFDGDORVFLOODWLRQ*XW]OHUet al.WRWKHLPSDFWRIUHFHQW
ODQGIDOOHYHQWVRQSRSXODWLRQ)DUIiQet al.DQGRQODQGVFDSH$QWLQDRDQG)DUIiQDQG¿QDOO\WR
DKLVWRULFDOUHFRQVWUXFWLRQRIODQGIDOOVEDFNWR5DJDet al.)
*XW]OHUet al. DQDO\]H WKH LQWHUDQQXDO YDULDELOLW\ RI WURSLFDO F\FORQHV IURP WR 
GHWHUPLQLQJWKHLQÀXHQFHRIWKH(O1LxRSKHQRPHQRQSDUWLFXODUO\HDUO\LQWKHVHDVRQZLWKPRUH
F\FORQHVVWHHUHGWRZDUGWKH0H[LFDQFRDVWGXULQJ/D1LxD\HDUV7KHUHVXOWVDUHLPSRUWDQWIRU
F\FORQHODQGIDOOIRUHFDVWV
)DUIiQet al.HYDOXDWHWKHLPSDFWVRIODQGIDOOVRQSRSXODWHGDUHDVORFDWHGDORQJWKH3DFL¿FFRDVW
EHWZHHQDQG2XWRIWKHWRSHYHQWVEDVHGXSRQUDLQIDOODFFXPXODWLRQRFFXUUHG
GXULQJ(O1LxR\HDUVDQGDQRWKHUGXULQJQHXWUDO\HDUV6RZKLOHFLUFXODWLRQVGXULQJ/D1LxD
\HDUVPD\VWHHUF\FORQHVWRZDUGVWKHFRDVWDVUHSRUWHGE\*XW]OHUet al.)DUIiQet al.UHSRUWWKDW
WKHPRVWGHYDVWDWLQJFRQVHTXHQFHVRIODQGIDOOVUHVXOWLQJIURPDFRPELQDWLRQRIIDFWRUVLQFOXGLQJ
PDQPDGHZHUHREVHUYHGGXULQJ(O1LxR\HDUV/L]DLQ3DXOLQHLQDQG/DQHLQ
$QWLQDR DQG)DUIiQ VKRZHYLGHQFH WKDW XSRQ ODQGIDOO RQWR WKH%DMD&DOLIRUQLD3HQLQVXOD
+XUULFDQH-XOLHWWHWULJJHUHGODQGVOLGHVGXHWRWKHFRPELQHGHIIHFWVRIWRWDOUDLQIDOODQG
LQWHQVLW\JHRORJ\DQGYHJHWDWLRQ$KLVWRULFDOUHFRQVWUXFWLRQLQGLFDWHVWKDWWKH-XOLHWWHHYHQWZDV
LQGHHGH[WUHPHDQGFDQEHH[SHFWHGWRKDSSHQRQDYHUDJHRQFHHYHU\\HDUV6XFKVWXGLHV
KLJKOLJKWWKHLPSRUWDQFHRIDORQJWHUPSHUVSHFWLYHWKDWDLGSODQQLQJIRUFLYLOGHIHQVHDXWKRULWLHV
5DJDet al.HPEDUNHGRQDQKLVWRULFDOUHFRQVWUXFWLRQRIODQGIDOOVIURPWKHRI¿FLDOVWDUW
RIWKHGDWDVHWIURPWKH1DWLRQDO+XUULFDQH&HQWHUEDFNZDUGVLQWLPHWR7KHVRXUFHVRIWKH
KLVWRULFDOGDWDZHUHIRXQGLQQDWLRQDOVWDWHDQGORFDOUHSRVLWRULHVDQGDOORZHGDUHFRQVWUXFWLRQRI
WKHWLPHVHULHVRIODQGIDOOVIRUVHYHUDOVWDWHVRIWKH3DFL¿FFRDVWRI0H[LFR7KH3DFL¿FGHFDGDO
RVFLOODWLRQVHHPVWRSOD\DSDUWLQWKHIUHTXHQF\RIODQGIDOOV
3R]Ret al.SUHVHQWPRGHOVLPXODWLRQVRIFRQYHFWLRQLQWKHHDVWHUQ3DFL¿FDQGFRPSDUHWKHLU
UHVXOWVZLWKREVHUYDWLRQVGXULQJWKH(3,&SURMHFWLQWKHUHJLRQDQDUHDWKDWKDVKDGIHZ
in situREVHUYDWLRQV7KHVWXG\KLJKOLJKWVQRWRQO\WKHUROHRIWKHUPRG\QDPLFIRUFLQJEXWDOVR
WKHSUHVHQFHRIDHURVROSROOXWLRQIURPWKHFRQWLQHQWDVDQRWKHUIDFWRUWREHFRQVLGHUHGIRUWKH
IRUHFDVWRISUHFLSLWDWLRQ
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7KHUHPDLQLQJWKUHHSDSHUVLQWKLVLVVXHGLVFXVVWRSLFVLQWKH,QWUD$PHULFD6HDVDQGSUHVHQW
REVHUYDWLRQV RI H[WUHPH SUHFLSLWDWLRQ &XUWLV DQ H[SODQDWLRQ RI WKHPLGVXPPHU GURXJKW
.DUQDXVNDVet al.DQGFOLPDWHSURMHFWLRQVIRUWKHUHJLRQ.DUPDONDUet al.
&XUWLVSUHVHQWVUHVXOWVRQWKHLQWHUDQQXDOYDULDELOLW\RIGDLO\SUHFLSLWDWLRQDQG¿QGVDSRVLWLYH
FRUUHODWLRQEHWZHHQWKHVL]HRIWKHZHVWHUQKHPLVSKHUHZDUPSRROHDUO\LQWKHVHDVRQ0D\-XQH
-XO\DQGH[WUHPHSUHFLSLWDWLRQHYHQWV!PPLQ2FWREHU7KHUHVXOWVDUHUHOHYDQWIRUSUHGLFWLRQ
RIH[WUHPHSUHFLSLWDWLRQ
.DUQDXVNDVet al.SURSRVHDVLPSOHPHFKDQLVPIRUWKHPLGVXPPHUGURXJKW06'WKDWUHODWHV
WKHODWLWXGLQDOGHSHQGHQFHRIWKHWZRFOLPDWRORJLFDOSUHFLSLWDWLRQPD[LPDWRWKHELDQQXDOFURVVLQJ
RI WKH VRODUGHFOLQDWLRQ OHDGLQJ WR WZRSHDNV LQ FRQYHFWLYH LQVWDELOLW\ DQG UDLQIDOO7KH\DOVR
FRQFOXGHWKDWLQDGGLWLRQWRWKLVXQGHUO\LQJORFDOPHFKDQLVPDQXPEHURIUHPRWHSURFHVVHVWHQG
WRSHDNGXULQJWKHDSH[RIWKH06'LQFOXGLQJWKH1RUWK$PHULFDQ0RQVRRQWKH&DULEEHDQORZ
OHYHOMHWDQGWKH1RUWK$WODQWLFVXEWURSLFDOKLJKZKLFKPD\DOVRDFWWRVXSSUHVVUDLQIDOODORQJWKH
3DFL¿FFRDVWRI&HQWUDO$PHULFDDQG0H[LFRDQGUHLQIRUFHWKH06'
)LQDOO\WKHZRUNSUHVHQWHGE\.DUPDONDUet al.XVHVWKHUHJLRQDOFOLPDWHPRGHOIURPWKH+DGOH\
&HQWHULQWKH8.WRHVWLPDWHFKDQJHVDWVPDOOHQRXJKVFDOHVVRDVWREHUHOHYDQWIRUFOLPDWH
SURMHFWLRQVIRUWKH&DULEEHDQLVODQGV7KH\SRLQWRXWWKHQHHGIRUHQVHPEOHVLPXODWLRQVJLYHQWKH
ODUJHVHQVLWLYLW\RIWKHUHJLRQDOWRWKHGULYLQJJOREDOPRGHO
:HKRSHWKDWWKHUHDGHUVZLOOHQMR\WKLVWKHPDWLFLVVXHDQGFHOHEUDWHZLWKXVAtmósfera'sWK
DQQLYHUVDU\
*UDFLHOD%5DJD
(GLWRUIRUWKHWKHPDWLFLVVXH
